Design of Integrated Bioimpedance Analysis and Body Mass Index for Users with Special Needs by Winasis, Ganjar et al.
Design of Integrated Bioimpedance Analysis and 
Body Mass Index for Users with Special Needs 
Ganjar Winasis, Munawar A Riyadi, Teguh Prakoso 
Department of Electrical Engineering, Diponegoro University, Semarang, Indonesia 
ganjarwinasis@students.undip.ac.id, munawar@elektro.undip.ac.id, teguhprakoso@elektro.undip.ac.id 
 
Abstract – This research was conducted with the aim to build 
integration between Bioimpedance Analysis (BIA) and Body 
Mass Index (BMI) for users with special needs. The proposed 
system can measure height, weight, BMI and body composition 
simultaneously to be used by the elderly population and 
handicapped users. The proposed system is developed as a chair 
equipped with several system blocks, namely BIA block, BMI 
block, power supply block, and microcontroller block. Before 
starting the measurement, users only need to enter their age and 
gender data. The whole system is controlled by using Arduino 
Mega 2560 on the microcontroller block equipped with keypad 
for data input and an LCD to display measurement results. 
System testing is performed by comparing the measurement 
results with Omron HBF-375. The test involved 8 volunteers (4 
males and 4 females). The test results show that the integrated 
BIA-BMI works well with an average error of 1.5%. 
Keywords—bioimpedance analysis, body mass index, special 
needs, integrated BIA-BMI 
I. INTRODUCTION 
Obesity becomes one of health problems that is considered 
chronic throughout the world. One of the negative effects of 
obesity is the emergence of other diseases such as diabetes, 
cardiovascular disease, and hypertension. According to the 
World Health Organization (WHO), cardiovascular diseases 
becomes the highest cause of death in Southeast Asian 
countries [1]. Meanwhile, the highest cause of death in 
Indonesia caused by stroke, hypertension, diabetes, tumor, 
and heart disease. Unhealthy lifestyles are one of the causes of 
these diseases continued to rise in the decades [2]. Tobacco 
consumption, obesity, and high blood pressure are three main 
factors causing the cardiovascular disease to increase in 
Indonesia [3]. 
In the case of obesity, measuring Body Mass Index (BMI) 
and body fat percentage (BFP) is one measure for reducing 
health risks. Initial diagnosis can be done to find out the next 
medical step by knowing BMI and BFP [4]. The information 
about overweight can be found from BMI, and body fat 
composition from BFP. BMI and BFP information are closely 
related to each other that the increasing BFP can affect BMI 
condition [5]. 
With the advancement of technological development, 
various type of BMI and BFP tools can be bought by public. 
This include ultrasonography, CT Scan, Dual X-Ray 
Absorptiometry and BIA. From these various tools, BIA is the 
easiest technology that can be used, non-invasive, and quite 
cheap [6][7].   
Basic concept of BIA technology utilizes electrical 
properties of human biological tissue. Weak alternating 
current flowed into the human body, then electricity will flow 
through the body tissue which is very conductive. Low 
frequency currents cannot pass through the cell body, while 
high frequency currents will pass through the cell [8]. The 
impedance of the body is thus the function of the body 
composition, including fat [9]. 
Kuan Lu [10] developed BIA hand-to-hand (HH) model 
for measuring fat free mass (FFM). Measurements using 
Quadscan 4000 with an electrode cable connected to the 
switch box. Measurements data testing compares BIA HH 
with BIA hand-to-foot and DXA. The conclusion obtained in 
this study is that the measurement of BIA HH is as reliable as 
the measurement of BIA hand-to-foot (HF) and DXA in 
measuring FFM. Moreover,  Kakade [11] has developed a 
BIA to measure fat mass (FM), FFM, and total body fluid 
(TBW). The BIA was developed using the technique of four 
electrodes and single frequency. The signal is set to work at a 
high frequency of 67 kHz. The results of measurements are 
processed using a microcontroller to get the value of fat 
content and obesity. 
Meanwhile, Brian [12] designed a digital height and 
weight measurements tools to find out BMI in the elderly. The 
measurement of height is based on knee height when seated. 
Elderly patients are only required to sit on a device that has 
been designed and the results of BMI will be displayed on the 
LCD device. In other separated research, Jésus [13] conducted 
a study with the aim of validating the equation for measuring 
height based on knee height in the elderly population. In this 
study, the Chumlea equation was used. Measurements of the 
Chumlea equation were compared with measurements of 
height using a carpenter meter. The results showed that the 
measurement of height using the Chumlea equation reached 
an accuracy of 98%. 
In the previous research, the authors have conducted 
research on BIA [14][15]. In these studies, the electrode 
variations consisted of 4 electrodes and used a single 
frequency of 50 kHz. A weak current of 0.2 mA is transmitted 
to the body through 4 electrodes with variations of HH, FF, 
cross, and HF. Based on previous studies, the author has an 
idea to design an integration between BIA-BMI for elderly. 
The aim of this research is to develop system to measure 
height, weight, and body composition simultaneously, 
including by the elderly population and users with special 
needs. The device to be designed is a chair equipped with an 
electrode sensor, a weight sensor, and an ultrasonic sensor. 
The tool aims to measure BFP, height, body fat mass, body 
fat-free mass, BMI, and body mass. In this paper, the author 
uses a single frequency of 50 kHz with a weak current of 0.1 
mA for the BIA work system. A total of 4 electrodes were used 
to support the BIA HH configuration.  
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II. SYSTEM DESIGN 
The whole system is divided into 4 main blocks: Power 
Supply Block, BIA Block, BMI Block, and Microcontroller 
Block. Block diagram of the whole system is shown in Fig. 1. 
The function of BIA Block is to measure FFM, FM, and BFP 
while BMI Block to measure height, weight, and BMI. 
Whereas the Power Supply Block must supply voltage to the 
entire system as shown by the red line. 
A. Power Supply Block 
Power Supply Block functions as a voltage source for the 
whole system. The block consists of 4 Li-ion batteries, voltage 
dividers and switches. Each Li-ion battery has a voltage of 3.7 
V so that the total voltage source is 14.8 V. The voltage divider 
circuit aims to divide the source into -7.4 V and +7.4 V. With 
this voltage source, it can supply ICs that require a minimum 
voltage supply of -5V and + 5V. 
B. BIA Block 
BIA Block is responsible for measuring body impedance 
which is used to calculate the value of BFP, FM, and FFM. 
BIA Block has several modules such as signal generator 
module, Voltage Controlled Current Source (VCCS) module, 
electrode module, instrumentation amplifier (INA) module, 
filter module, and rectifier module as shown in Fig. 2. In this 
study, BIA Block was designed to work with a single 
frequency of 50 kHz and current of 0.1 mA [8][9]. 
Signal generator module uses IC ICL8038 for produce 
sine signal. The IC is able to generate a sine signal of 50 kHz 
while the VCCS module is used to generate a weak current of 
0.1 mA. The VCCS module uses the working principle of a 
non-inverting amplifier to produce a constant current. 
Electrode module is responsible for flowing current into the 
body and detecting potential differences. There are 4 
electrodes used, i.e. 2 electrodes function to flow current to 
the body and 2 other electrodes used to measure the potential 
difference. In this study, ECG electrodes are used because 
they are easy to use and cheap. The potential difference results 
received by the electrodes have very small values up to mV 
units. Therefore, the instrumentation amplifier module IC 














































Fig. 3. BMI block diagram 
In order to eliminate noise in the system, Band Pass Filter 
(BPF) is used in the filter module. The goal is that the signal 
sent to the rectifier module is more stable. BPF filter module 
uses 2 pieces of IC LF353N. The BPF series is composed of a 
combination of Low Pass Filter (LPF) and High Pass Filter 
(HPF). The BPF circuit bandwidth is set between 25 kHz to 
80 kHz to get a middle frequency of 50 kHz. Arduino Mega 
2560 cannot read signals in the form of sinusoidal waves, so a 
rectifier module is needed. This module uses 2 fast recovery 
diodes because the signal frequency is 50 kHz. FR104 diode 
was chosen because it has a recovery time of 150 ns. 
C. BMI Block 
BMI block consists of a weight module and height sensor 
module as shown in Fig. 3. The block is responsible for 
measuring weight and height based on knee height. The 
weight module uses 4 MLC902 type load cells with a 
maximum load of 200 kg. The load cell circuit is arranged 
using a Wheatstone bridge configuration. Researchers use 
HX711 to change the measurement results of changes in the 
scale resistance to the amount of voltage so that it can be read 
by Arduino. 
The height module uses HC-SR04 which is an ultrasonic 
sensor. The HC-SR04 sensor is placed on a support post to 
help measure knee height as shown in Fig. 4. Knee height can 
be calculated using equation (1). Where h is knee height (cm), 
x is distance of the sensor to the footrest (cm), and S is sensor 
readings (cm). 
   Sxh −=    (1) 
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Fig. 5. Flowchart of the whole configuration 
D. Microcontroller Block 
The whole system flowchart can be seen in Fig. 5. To 
begin the measurement, the user must enter the age and gender 
data. Gender data must be selected because different equations 
are required for each gender in the measurement of height and 
the determination of BFP between male and female. After the 
user's position on the chair is correct, the measurement can be 
started. Measurement results in the form of height, weight, 
BMI, and BFP data. The whole flowchart is controlled by the 
Microcontroller Block using Arduino Mega 2560. In addition, 
the microcontroller block consists of a 4x4 keypad to enter 
data and a 20x4 LCD to display measurement results. 
The measurement results from the BIA Block and the BMI 
Block are fully calculated and processed by Arduino Mega 
2560. From the BMI Block, Arduino Mega 250 gets 
information from the weight module in the form of a voltage 
which is then converted into a body mass value in kg. While 
the HC-SR04 sensor sends results in the form of knee height 
values in units of cm. To calculate height based on knee height 
use the Chumlea equation [16][17]. Measurement using the 
Chumlea equation there are differences between female and 
male. Equation (2) is used for female users and equation (3) is 
used for male users. Where hfemale is height of male (cm), hmale 
is height of female (cm), A is age of users (years), and hknee is 
height of the knee (cm). 
( ) ( )kneeh1.83A0.2484.88femaleh ×+×−=         (2) 
( ) ( )kneeh2.02A0.0464.19maleh ×+×−=        (3) 
To calculate the BMI value, you can use equation (4) where 
m is weight (kg) and h is height (m)[18]. 
2m/hBMI =    (4) 
 To find out the value of the BFP, the BIA block first takes 
measurements of the body impedance to get the FFM value. 
Equations (5) and (6) are used to measure FFM in female and 
male. Where FFMfemale is FFM of female (kg), FFMmale is 
FFM of male (kg), h is height (cm), Z is body impedance 
























×=      (6) 
Then the FM value can be calculated by equation (7). Where 
FM is in kilograms, m is weight (kg), and FFM is in 
kilograms[20][21]. 
FFMmFM −=      (7) 
If you have obtained the FM value, the BFP can be calculated 
using equation (8). Where BFP is in percentage, FM is in 




BFP ×=      (8) 
III. HARDWARE SYSTEM 
The main design of BIA-BMI hardware is a chair equipped 
with a weight sensor, proximity sensor and electrodes as 
shown in Fig. 6. The main structure of the BIA-BMI hardware 
is a 43 cm high chair. Thus, users with special needs do not 
have to stand up when taking measurements. Measurements 
can be made in a sitting position and assisted by a nurse. Load 
cell sensors are located at each corner of the chair base as 
shown in point A of Fig. 6. The location of the HC-SR04 
sensor is shown in point B of Fig. 6. 
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During measurement, the knee is required to be 
perpendicular to the HC-SR04 sensor. It aims to get accurate 
knee height measurements. The position of the hand that has 
been attached to the electrode is straight forward. Overall, the 
position of the body during measurement is shown in Fig. 7. 
The configuration of the electrodes in the hand is shown in 
Fig. 8. The black box is the current electrode flowing from the 
electrode current module, while the red box is the electrode 
voltage to measure the potential difference. 
 
Fig. 6. BIA-BMI structure 
 
Fig. 7. Example of the user's position during measurement 
 
Fig. 8. Electrodes position in the measurement 
TABLE I.  COMPARISON OF HEIGHT MEASUREMENT 
Name Gender 
Height (cm) Error 
(%) BIA-BMI Manual 
Vany Female 156 155 0.6 
Isti Female 158 159 0.6 
Titis Female 157 157 0.0 
Faizun Female 145 145 0.0 
Ganjar Male 186 186 0.0 
Wiyanto Male 176 177 0.6 
Panggih Male 184 188 2.1 
Deny Male 164 168 2.4 
TABLE II.  COMPARISON OF WEIGHT MEASUREMENT 
Name 
Weight (kg) Error 
(%) BIA-BMI HBF-375 
Vany 45.2 44.4 1.8 
Isti 56.6 55.3 2.5 
Titis 47.1 46.7 0.9 
Faizun 45.3 45.5 0.3 
Ganjar 102.8 100.6 2.2 
Wiyanto 92.3 91.9 0.4 
Panggih 80.8 81 0.2 
Deny 74.3 73 1.9 
TABLE III.  COMPARISON OF BODY MASS INDEX MEASUREMENT 
Name 
BMI Error 
(%) BIA-BMI HBF-375 
Vany 18.6 18.5 0.4 
Isti 22.7 22.2 2.3 
Titis 19.1 18.9 1.1 
Faizun 21.6 22.3 3.2 
Ganjar 29.7 29.4 1.1 
Wiyanto 29.8 29.7 0.3 
Panggih 23.9 23.9 0.1 
Deny 27.6 27.1 2.0 







Vany Female 27 26.7 25.4 5.2 
Isti Female 55 30.5 29.4 3.6 
Titis Female 19 28.4 28.3 0.3 
Faizun Female 19 25.3 26.3 3.9 
Ganjar Male 27 26.5 26.5 0.1 
Wiyanto Male 57 27.1 28.8 5.8 
Panggih Male 23 21.6 21.1 2.2 




The performance of the BIA-BMI tool is tested by 
comparing the measurement results of the BIA-BMI tool with 
other measurements. The test was conducted on 8 Indonesian 
volunteers consisting of 4 males and 4 females, ranging in age 
from 19 to 55 years. Height measurements can be compared 
with manual measurements using height ruler. BIA-BMI 
instruments measure height based on knee height while 
manual measurements measure height directly. The results of 
testing height measurements can be seen in Table I. In the 
experiment, an average error of 0.8% was obtained. 
The results of measurements of body mass, BMI, and BFP 
by the BIA-BMI instrument were compared with the results 
of measurements by Omron HBF-375. Body mass 
measurement test results can be seen in Table II with an 
average error obtained in the experiment is 1.3%. Table III 
shows the results of BMI measurement tests with an average 
error of 1.3%. And BFP measurement testing produces an 
average error of 2.8% as shown in Table IV. From the data 
Tables I - IV, the average error of the BIA-BMI compared to 
manual measurement and HBF-375 is 1.5%. 
The test shows that the system can be used to 
simultaneously measure BIA and BMI within acceptable 
error. Moreover, the feature of seated measurement provides 
advantage for elderly and special need persons who cannot 
stand properly due to several reasons. This special feature is 
an improvement from the previous works, eg. [10-15] which 
aims for healthy population and people with standard posture. 
However, the work mainly relies on the Chumlea equation for 
general population regardless of race. For a specific 
demography, further look on the equation may give better 
accuracy and less error. 
V. CONCLUSION 
The proposed integration between BIA and BMI in order 
to measure height, weight, BMI, and body composition 
simultaneously has been developed and tested. The test results 
show that the whole system work well with average error of 
1.5%. The test also indicates that the integration between BIA 
and BMI can be accepted by respondents. The elderly 
population and users with special needs can easily use this tool 
to measure height, weight, BMI and body composition.  
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